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The importance ascribed by various  authors  to  the  ferments of 
the body in the processes of immunity makes it important to study 
not  only  the  ferments  normally present  and  their  activity  under 
normal conditions, but also to find means by which they can be in- 
creased in amount, or, failing in this, to bring about a greater activ- 
ity of those present. 
We have already shown  (I)  that the antiferments of the serum, 
of the cells of the body, and of bacterial ceils, are composed of un- 
saturated fatty acids probably in the form of esters, and that oxida- 
tion of these acids renders them inactive.  It  is probable  that dis- 
sociation of the esters might also  render them inactive as  antifer- 
ments, as  the activity of the acids  is  dependent upon their degree 
of dispersion,  and  this  probably would be lessened by dissociation 
owing to their relative insolubility.  Bearing this in mind we should 
naturally attach  considerable importance to  any  ferment, such  as 
esterase, which can cause a  dissociation of esters;  for the removal 
of the protective esters  from bacteria may render them more sus- 
ceptible  to  the  action  of  proteolytic  ferments,  which  in  turn,  by 
hydrolysis, can render the toxic substances non-toxic.  It is for this 
reason that  we wish to  report upon a  group of substances,  which 
without  bearing a  very definite relation  to  one  another,  have  the 
ability  to  accelerate greatly  the  action  of  both  serum  and  tissue 
esterases.  A  great deal of work has been devoted to the study of 
substances which accelerate the action of lipase and esterase, partic- 
ularly by Biondi  (2), Magnus  (3), Loevenhart (4), yon Hess  (5), 
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Falk (6), Whipple  (7), and Ouinan  (8), but so far as we are aware, 
none  of these  authors  has  worked  with  the  agents  which  we  have 
found to be the most active. 
Technique. 
The  tissue  esterase  was prepared  from  dogs'  livers.  The  livers 
were cut up in a meat machine and then extracted with glycerine for 
four days in  the  thermostat.  The  resulting  mass was filtered  first 
through  cotton  and  then  through  filter  paper,  and  the  filtrate  satu- 
rated with ammonium sulphate.  The precipitate thus obtained was 
redissolved in water and reprecipitated several times with ammonium 
sulphate  until  the  filtrate  became  colorless.  The  final  precipitate 
was dissolved in a  small amount of water and dialyzed against  run- 
ning  water  until  it  failed  to  react  with  either  barium  hydrate  or 
Nessler's  solution.  The  preparation  was  again  filtered  through 
filter  paper,  a  small  amount  of  toluol  was  added,  and  it  was  then 
stored in the ice box.  I  cc. of the esterase prepared  in this manner 
when  incubated  for  four hours  with  I  cc.  of ethyl butyrate usually 
gave  an  acidity equal  to  7  ce.  of N/Ioo  sodium  hydrate.  V~e  at- 
tempted to  concentrate  further  the  esterase by  fractional  precipita- 
tion with ammonium sulphate, but were not very successful.  Ester- 
ases prepared  in  this  manner  and  kept  in the  ice box were just  as 
active after  three  months  as  they were originally.  Serum  esterase 
from  dogs,  rabbits,  and  guinea  pigs  was  also  used. 
The  experiments  were  conducted  in  15o  cc.  Erlenmeyer  flasks. 
The  agent  to be tested was put  into the flask with the  esterase,  the 
volume brought up to IO cc. with 0.9 per cent sodium chloride solu- 
tion,  and  I  cc.  of  neutral  ethyl  butyrate  added.  Various  control 
flasks containing the agent alone, the agent plus esterase but without 
ethyl butyrate, and the agent plus ethyl t)utyrate but without esterase 
were set up at the same time.  The  flasks after the  addition  of 0. 5 
cc.  of toluol to each were tightly  stoppered,  shaken  IOO times,  and 
placed  in the  incubator  for  four  hours.  25  cc.  of  neutral  95  per 
cent ethyl alcohol were then added to each flask, and the acidity was 
determined  by  titrating  against  N/5o  sodium  hydrate,  with  phe- 
nolphthalein  as the indicator.  In the tables, however, the results are 
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neutralize  the  mixtures  after  four hours'  incubation.  These  fig- 
ures show the increase in acidity obtained after deducting that found 
in the control flasks,  and in each instan.ce represent the average of 
several experiments. 
It  was  noted  that  esterases  prepared  from  different livers  were 
not always activated to the same degree by the various reagents used. 
In several instances esterases which were considered weak prepara- 
tions when acting alone gave much higher figures in the presence of 
certain  reagents  than  ones  which  were  considered  to  be  much 
stronger.  Thus  one preparation  which gave an acidity equal  to  8 
cc. N/Ioo sodium hydrate when incubated for four hours with Icc. 
of ethyl butyrate gave 7o cc. in the presence of sodium citrate, while 
another preparation which gave 7  cc.  of acidity with ethyl butyrate 
alone, gave only 4o cc. when incubated with sodium citrate solution. 
EXPERIMENTS. 
Many substances have been tested during the progress of the work, 
but  we shall  discuss  only those which exert  a  definite accelerating 
action. 
The  most  active  agent  with  which  we  have  worked  is  sodium 
citrate.  As  far  as  we  are  aware,  there  are  no  statements  in  the 
literature concerning the accelerating action this  salt  exerts on the 
activity of esterase.  Falk  (6)  discovered that sodium acetate accel- 
erated the action of vegetable lipase, and Quinan  (8)  observed that 
it also accelerated the action of tissue esterases.  Quinan found that 
the specific action is a progressive one which increases with increas- 
ing concentrations of the agent.  Table I  indicates that the acceler- 
ating of sodium citrate also increases with increasing concentrations 
of the salt, and that it is  far more active than any accelerating agent 
yet reported. 
Table  I  shows  the  accelerating action  of  different  amounts  of 
sodium citrate on liver esterase.  The figures represent the excess of 
acidity over that obtained with esterase alone. 
As  shown  in  Table  I,  sodium  citrate  both  in  large  and  small 
amounts  markedly increases  esterase  action.  Potassium  citrate  is 
also very active as an accelerating agent, but the sodium salt is more 
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the  ferment,  experinaents  were made  to  determine  if  the  citric acid 
was the activating part of the salt, but it was found to have little  if 
any stimulating  action. 
TABLE  I. 
Amount used,  Increased acidity, 
gin,  cc. N/zoo  zVa OH 
i .o  i  i o 
0.8  lO6 
0.6  lO3 
0.4  98 
0.2  90 
o.I  74 
o.oi  18 
0.00I  2 
0.000I  0 
The fact that sodium and potassium citrate inhibit the coagulation 
of blood led us to test other substances which influence coagulation. 
Of those which prevent coagulation we used potassium oxalate, hiru- 
din, and cobra venom, while calcium lactate represented those which 
accelerate  coagulation.  Of  course,  we  are  aware  that  these  sub- 
stances probably do not act in the same manner  in preventing  coag- 
ulation. 
Cobra venom and hirudin were found to be slightly active in accel- 
erating  esterase  action,  while calcium  lactate and  potassium  oxalate 
were very active.  It will be seen that these reagents accelerate ester- 
ase  action  regardless  of  their  influence  on  coagulation.  Table  II 
shows the activating action of calcium lactate and potassium oxalate. 
The figures show the increase in acidity above that obtained with the 
esterase alone,  which was 6. 7 cc. 
TABLE  II. 
Action  of  Calcium Lactate  and  Potassium  Oxalate  on  Esterase Action. 
Amount used.  Potassium oxalate.  Calcium lactate. 
gin.  cc. N/zoo NaOH  cc. N/zoo ~TaOfi" 
I .o  4o.5  33 
0.8  55.0  35 
0.6  52.5  38 
0.4  40.5  35 
0.2  28.5  20 
o.I  22. 5  IO 
o.oi  6.8  6 
0.00I  1.0  I 
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In  view  of  the  activating  action  of  sodium  citrate  in  vitro,  we 
made some experiments  to see if it would act in a  similar  manner in 
vivo. 
Dog  /.--Weight  5 kilos.  Was  given 2 gm.  of  sodium  citrate  intravenously. 
Animal  immediately  developed  dyspnea,  the  pupils  became  dilated,  and  it  was 
evidently in distress.  Complete recovery within  I  hour. 
Table  III  shows  the  activity  of the serum  before  and  after  injec- 
tion.  The  figures  show the acidity  remaining  after  subtracting  the 
controls. 
TABLE III. 
Amount of 
serum.  Results. 
cc.  Time.  cc. IV/loo NaOH 
I  Before  injection  0.4 
I  15  min.  after  injection  0.8 
I  I  hour  "  "  o.I 
I  5 hours  "  "  0.8 
The  changes  are  not marked.  As  the  citrate  is  very toxic  when 
given  intravenously,  another  experiment  was  conducted  in  which  5 
gm.  were  injected  into the  peritoneal  cavity of a  dog. 
Dog 2.--Weight 5 kilos.  Injected  with  5 gm. of sodium  citrate  dissolved in 
sterile salt solution into the peritoneal cavity.  After the injection the dog imme- 
diately became very sick and restless,  the abdomen became distended,  and appar- 
ently there  was  considerable  pain.  The  animal  was killed  two  hours  after  the 
injection, as it was almost dead.  Blood was obtained  from the hepatic vein and 
from the heart.  Considerable peritoneal  exudate  was present,  and this was also 
tested.  Table IV shows the activity of the serum  esterase  before and after the 
injection  of sodium  citrate.  The  controls have been  subtracted. 
Amount of 
serum. 
¢c. 
I 
I 
I 
I 
TABLE IV. 
Results 
Time.  ¢c. N[Ioo NaOH 
Before  injection  0.8 
(Heart)  2  hours  after  injection  (dead)  I.o 
(Liver)  ..........  1.4 
Peritoneal  exudate  0.4 
In  both  instances  toxic  symptoms  were  observed  and  a  definite 
though slight  rise  in  serum  esterase  followed.  This  rise  may  have 
been  due  either  to  the  presence  of  the  citrate  in  the  serum,  or  to 
mobilization  of the  ferment  as  a  result  of the  injury  to the  cells  of 
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CONCLUSIONS. 
I.  Potassium citrate, potassium oxalate, and calcium lactate accel- 
erate the action of tissue and serum esterases. 
2.  Intravenous and intraperitoneal  injections of large amounts of 
sodium citrate  do not cause a  definite increase in the activity of the 
serum esterase. 
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